NN . E—
q\\\w Stony Brook University

Magnetic Field Cloaking Device
eRD2 Progress Report
Abhay Deshpande, Nils Feege

EIC Advisory Committee Meeting; BNL, January 22,2015




Charged Particle Tracking in ‘Forward’
Direction: Simplified Magnetic Fields
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Example: Bending 50 GeV Particles




Track Bending for 50 GeV Particles
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Momentum Resolution Improvement
From Dipole

25
Solenoid
20
o157
T
;&
210!
i Solenoid
+ Dipole
0 L |
1 2 3 4 5

b % 10 B

Magnet

T

3.5

3t

2.5}

21

1.5}

1t




Project Timeline: Past
2013 2014

Jun  Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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Project Timeline: Future

2015

Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Test superconductor high-T

Test ferromagnet -
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Shielding in accelerator | N
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Multiple Superconductor Layers
Improve Shielding
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Comparing SC tape wrapping options:
Vertical vs helix

No SC
Vertical 1 layer
Helix 1 layer
Vertical 2 layers
Helix 2 layers




Varying the distance between
subsequent superconductor layers
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Further reducing the gap: SC tape
without copper stabilizer
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New cryostat for long magnetic field
shield (Van de Graaff test)

5 layers ‘helix adjacent’ SC tape
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Long prototype fully commissioned




Long prototype fully commissioned
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Alternate Superconductor Option:
Magnesium boride (MgB>)

doi:10.1088/0953-2048/23/12/125003
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Ferromagnetic Layer: Epoxy and
Stainless Steel Mixture
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Ferromagnetic Layer: Epoxy and
Stainless Steel Mixture
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Open Questions

What is the physics benefit (quantitative) for a conceptual forward
dipole spectrometer?

)

What is the effect of the end-field on the accelerator performance? O

What is the radiation hardness of the ferromagnetic and O
superconducting material?

What is the effect of a possible cryostat and its flanges on the O
detector acceptance and performance at small angles?

Could thermal effects due to accidental beam dumps damage the O
structure?



Preliminary Budget Estimate FY |6

ltem Cost Estimate [$]
Post-doc salary (3 months) 12,500
+ fringe benefits + 5,500
Graduate student salary (| year) 25,000
+ fringe benefits + 8,000
Travel expenses 2,500
Superconductor (NbTi/Nb/Cu, 2 sheets) 10,000
Liquid Helium supplies 5,000
Total 68,500
Overhead (indirect) 34,000
Preliminary Estimate FY 16 $102,500




Summary

Continuous progress in quantifying SC tape
properties and features of cylinders made from it.

|.3 m long magnetic field shield commissioned
and ready for tests in Van de Graaff accelerator.

Epoxy-steel mixture is a viable option
for our ferromagnetic material.

Excellent opportunity for students

to collect laboratory experience. To be continued...




ADDITIONAL SLIDES




A simple cylindrical magnetic cloak

superconducting ferromagnetic combined
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Perfect cloak: magnetic permeability (ferromagnetic) (2 =

Fedor Gomory et al.
DOI: 10.1126/science.1218316



COMSOL model of the magnetic
cloak in a dipole field
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Our HT Superconductor Tape

Copper Stabilizer

Silver Overlayer

65 um (RE)BCO - HTS (epitaxial)

Buffer Stack




Multiple Superconductor Layers

_,:fif — Improve Shielding
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SC tape performance at high fields
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Superconductor wrapping options

No SC
Helix 1 layer

Helix 2 layers
Vertical 1 layer
Vertical 2 layers
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Heat Radiation Shielding

Six layers of Multi-Layer Insulatn (alternating layers of aluminized
Mylar and plastic foil)



Beam-line Bending Magnet

Z [mm]




